INTRODUCTION
Cobalt and titanium substituted barium hexafemtes are widely used as device materials in recording and microwave applications. Although the four valent titanium is nonmagnetic its presence affects some other magnetic ions and modifies the magnetic behaviour of the substance. In such a way titanium substituted magnetites (ulvospinels) assume at low temperatures very large magnetostriction and magnetic &sotropy leading to nonreciprocal and time dependent minority hysteresis loops 11-21. As we encountered indications of similar behaviour of magnetizationin highly Co-and Ti-substituted hexagonal platelets and thin films it appeared desirable to make a more detailed study of the phenomena.
EXPERIMENT
Single crystal samples with compositions of BaFe,,O,, (denoted as BaM), BaTiFe,,O,, (BaTi), BaTi,,zCoo,$e,,,,0,9 (BaCo2) and BaT~,Coo,Fel0 ,019 (BaCo8) were grown by an arc-image floating-zone method. After the growth process was completed, the samples were additionally heat-treated and slowly cooled in controlled atmospheres to improve their oxygen homogeneity and mechanical properties. Thin films of the Co-and Ti-substituted barium hexafemtes were prepared by laser ablation deposition onto sapphire substrates. More details about the sample preparation, optical and magneto-optical properties of both bulk and thin film samples were reported in [3, 4] . After the measurements some samples were reduced by annealing at 800°C in nitrogen atmosphere to increase the divalent iron content.
The DC magnetizations (magnetic moments) were measured in the easy and hard magnetic directions at temperatures from 5 to 300 K either by means of the Oxford Instruments model VSM operating up to 12 T or by the Quantum Design model MPMS-5S SQUID magnetometer (up to 5 T). The AC susceptibilitiesat frequencies of 1 to 1000 Hz and 0.0003 T drive fields were measured in the hard samples' directions at external dc applied fields up to 2 T by the AC option of MPMS-5s. The magnetizations along the easy hexagonal c-axis of all samples display regular hysteresis loops reaching saturation at applied fields of about 0.5 T. The hard direction magnetizations (perpendicular to c-axis) increase linearly up to about 0.5 1.6 T depending on the sample composition.
Minority hysteresis loops were observed for samples with a high content of titanium, ie. BaTiFe,,O,, (bulk) and B~T~,,,CO~,~F~,~,~O,, (bulk and thin film), when measured below room temperature in the magnetic hard direction and parallel to the direction of the crystal growth, see Fig. 1 a) . Similar but less pronounced effects were found in the hard direction of both thin film samples and bulk single crystals perpendicular to their growth direction. The magnitudes of these minority hysteresis loops diminish if the sweep speed of the applied field decreases as demonstrated in the inset of Fig. 1 a) . The time changes of the magnetic moments were completed within 3 minutes after the application of the magnetic field anywhere in the "hysteresis part" of the magnetization curves.
The AC susceptibilities of BaTi and BaCo8 samples display also a hysteretic behaviour within the same range of the applied fields as may be seen in Fig. 1 b) . The magnitudes of the hysteresis parts of the AC susceptibilities decrease with increasing frequency as is indicated in the inset of the figure. The largest effects were found at temperatures behveen 20 and 60 K depending on the thermal history of the samples. No hysteresis effects with ac or dc curves were observed for the BaM and BaCo2 samples either in as grown or in the oxygen reduced state. b) The applied field dependence of the real part of AC susceptibilitiesof the BaTiFe,,O,, bulk sample measured at 40 K. The inset shows a magnified section of the knee on the field dependence of the susceptibility.
DISCUSSION
With the exception of small closure domains near the sample surface, the prevailing domain structure of hexafemtes with the magnetically easy c-axis may be represented by stripe (plate) domains, separated by 180" Bloch walls. When the samples are cooled down to low temperatures microscopic processes occur (electron and ion diffusion, reorientation of cation pairs etc.) which result in an additional stabilizationof the walls configuration. On applying a magnetic field perpendicularly to the easy axis the domain magnetization starts to rotate into the field direction. The domain walls begin to undulate or form a zig-zag structure [5] and at each applied field value their configurations tend to stabilize at time intervals corresponding to the relaxation of the microscopic processes. After the technical saturation is reached all domain magnetizations are aligned in the applied field direction and domain walls disappear. A certain distribution of microscopic species is stabilized that corresponds to the minimum of free energy at saturated state. When the applied field is decreased this stabilized configuration prevents the nucleation of domains until the driving force and the time lap are sufficiently large to destroy it. This mechanism explains the irreversible parts of the hysteresis loops and susceptibility dependences near 0.5 T.
